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Introduction
Need for identifying noise source locations to better allocate noise control resources
























Near-field Acoustical Holography (NAH)
▪ Construct a model to describe the acoustic field generated by a source based on a near-field 
microphone array measurement
▪ Benefits
– Measurements can be taken at a distance away from the source
– Sound field can be visualized in a three-dimensional space
– Faster than a point-to-point direct measurement
▪ Drawbacks







Motivation for new studies on acoustical holography such as Statistically Optimized Near-field 
Acoustical Holography (SONAH)
▪ Identify noise sources with flexible microphone measurement positions
▪ Requires the use of less microphones
▪ Wide application in the industry for noise source localization and identification
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Contents
Goal: To identify source locations at various frequencies for a bladeless fan with SONAH and 
suggest effective noise control solutions
▪ SONAH formulation in cylindrical coordinates
– New simplification pattern to increase calculation speed
▪ Simple simulation results
▪ Experimental results
– Direct intensity measurement
– Cylindrical array measurement
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SONAH formulation (Previous work)
J. Hald, “Basic theory and properties of statistically optimized near-field acoustical holography,” 
Journal of the Acoustical Society of America, 125, 2105 – 2120 (2009).
▪ SONAH reduces the spatial windowing effects experienced by regular NAH due to spatial truncation
▪ Described the general formulation of SONAH in Cartesian coordinates for planar applications
▪ SONAH performs the surface-to-surface projection optimally directly in the spatial domain
▪ Represent any sound field as a linear combination of wave functions
𝑝 𝒓𝑖 = ෍
𝑛=1
𝑁
𝑎𝑛Φ𝑛 𝒓𝑖 , 𝑖 = 1,⋯ , 𝐼
▪ Express complex pressure at any arbitrary position, 𝒓, as a linear combination of complex pressure 




𝑐𝑗 𝒓 𝑝 𝒓𝑚,𝑗
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SONAH formulation (Previous work)
Y. T. Cho, J. S. Bolton and J. Hald, “Source visualization by using statistically optimized near-
field acoustical holography in cylindrical coordinates,” Journal of the Acoustical Society of 
America, 118, 2355 – 2364 (2005).
▪ Representing the sound fields with cylindrical wave functions

















𝑃𝑛 𝑟𝑠, 𝑘𝑧 Φ𝑘𝑧,𝑛 𝒓 𝑑𝑘𝑧
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SONAH formulation (Previous work)
Y. T. Cho, J. S. Bolton and J. Hald, “Source visualization by using statistically optimized near-
field acoustical holography in cylindrical coordinates,” Journal of the Acoustical Society of 
America, 118, 2355 – 2364 (2005).
▪ Expressed the reconstructed pressure and velocity at any arbitrary locations in the form of matrix 




𝑐𝑗 𝒓 𝑝 𝒓𝑚,𝑗 = 𝐩































































































𝑗 𝑛 𝜙−𝜙𝑚,𝑗 +𝑘𝑧𝑞 𝑧−𝑧𝑚,𝑗
▪ For an actual application, reconstruction points are not restricted to a single point, where a matrix 
could be formed by adding an extra column for every additional point for the calculation of 𝐀H𝜶 𝒓
and 𝐀H𝜷 𝒓
▪ An optimal truncation is required to limit the infinite summation in the application
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SONAH formulation 
Due to the symmetry properties for cylindrical coordinates, it is possible to significantly 
increase the processing speed of the algorithm by identifying certain patterns
▪ The ability to speed up the calculation is only valid in the special case when the measurement grid 
distribution (microphone array) is identical to the desired reconstruction grid where the only difference 
is the radius
▪ 𝐀H𝜶(𝒓) and 𝐀H𝜷(𝒓) turns into a matrix of size 𝐽 × 𝐽 , like 𝐀H𝐀. The pattern of the respective matrixes 






























992 total reconstruction points
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▪ Operating condition: Level 5
▪ Motor rotation speed: 5000 rpm (83.33 Hz)
▪ Number of fan blades: 9
▪ Blade passage frequency: 750 Hz
Intensity probe information
▪ Brüel and Kjær Type 3654 Sound Intensity Probe Kit
– Type 2270 Sound Intensity System, Type 4197 ½” Sound Intensity Microphone
Array microphones information
▪ Brüel and Kjær Type 4958 20 kHz Precision Array Microphone
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Preliminary test shows that most of the noise is generated 








▪ Circumferential resolution is 8° (appx. 2 cm) and vertical resolution is 2 cm
▪ 322 total measurement points
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Experimental results (752 Hz)
Direct intensity measurement result at 752 Hz
▪ At the blade passage frequency, there was a clear directivity in sound intensity distribution which 




Experimental results (1004 Hz)
Direct intensity measurement result at 1004 Hz







▪ 56 microphones (Cir 8 × H 7 configuration)





Partial field decomposition of cylindrical array measurement results
▪ Identify and separate uncorrelated sound fields using single value decomposition of the cross-
spectral density of the measured pressure signals from all 56 microphones
▪ Two partial sound fields were used to describe the total sound field with an approximate 94% 
accuracy around the peaks corresponding to the blade passage frequency
Experimental results (752 Hz)
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752 Hz
Experimental results (752 Hz)
Cylindrical array measurement result at blade passage frequency peak 𝒇 ≅ 𝟕𝟓𝟐 𝐇𝐳




Experimental results (752 Hz)





Direct – 29.05 dB
SONAH – 28.16 dB
Partial field decomposition of cylindrical array measurement results
▪ Identify and separate uncorrelated sound fields using single value decomposition of the cross-
spectral density of the measured pressure signals from all 56 microphones
▪ Two partial sound fields were used to describe the total sound field with an approximate 95% 
accuracy around the peaks corresponding to the blade passage frequency
Experimental results (1004 Hz)
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1004 Hz
Experimental results (1004 Hz)
Cylindrical array measurement result at 1004 Hz peak




Experimental results (1004 Hz)





Direct – 32.53 dB
SONAH – 30.39 dB
Conclusion
▪ Directivity pattern was observed at the blade passage frequency of 752 Hz for both direct intensity 
measurement and cylindrical SONAH reconstruction
– Pattern may result from direct mounting of the fan rotor to the shell, generating a modal characteristic
– Pattern could also originate in an acoustic mode forming in the cylindrical plenum space beneath the fan 
rotor
– Further investigation must be performed to identify the root cause of the directivity pattern
▪ Based on present results from both simulation and experiment, cylindrical SONAH can reproduce the 
results of the intensity measurement with significant time saving
– Direct intensity experiment took 6.5 hours to complete (excluding data analysis)
– SONAH cylindrical array experiment took merely 20 seconds (excluding data analysis)
▪ Next steps are to develop noise control and noise reduction strategies for the bladeless fan and 
identify the cause of the directivity pattern and observed reflective effect
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